Stainless steels (AISI 316, 321 and 347) 
Introduction
Use of the renewable energy is often combined with storage of excess energy. Water electrolysis is one of the most effective ways of energy storage. Produced hydrogen can be used in the hydrogen refueling stations for fuel cell cars or used as a reactant with CO 2 in the Sabatier synthesis producing methane.
There are two types of the available commercial electrolyzers with different electrolyte: (1) alkaline water electrolyzer (AWE) (2) proton exchange membrane (PEM) water electrolyzer.
The latter has much higher voltage efficiency than the former system. However, in alkaline electrolyzers, non-noble Ni-based catalysts are used, but in the PEM water electrolyzers, the noble Pt and IrO 2 catalysts are used. The use of noble metal catalysts could become a problem for mass production.
Intermediate temperature water electrolysis has a potential to combine high efficiency with cheap catalysts. The molten KH 2 PO 4 is a promising candidate for a proton-conducting electrolyte. Moreover, it has been shown that WC is a better catalyst than Pt for the hydrogen evolution reaction in this electrolyte at 260°C [1] .
In this paper, corrosion resistance of stainless steels (AISI 316, 321 and 347), high-nickel alloys (Hasteloy ® C-276, Inconel ® 625), tantalum, nickel, titanium, tungsten, molybdenum, niobium, platinum, and gold was studied in the molten KH 2 PO 4 -K 2 H 2 P 2 O 7 system. Earlier, we have studied corrosion behavior of the same materials at 150°C in concentrated phosphoric acid as model system for the polybenzimidazol/phosphoric acid electrolyte [2] [3] [4] . This polymeric electrolyte was studied as a high-temperature (up to 200°C) alternative to the Nafion ® electrolyte in PEM water electrolyzers. Unfortunately, the only material which was corrosion stable under these conditions was tantalum. It would be logic to expect similar results at 200°C in KH 2 PO 4 .
Electrochemical behavior of Pt and Au was already studied in the potassium dihydrogen sulfate melt in argon atmosphere at 265°C. It was found that the electrochemical stability window for the Pt electrode was 1.05 V with the hydrogen evolution reaction as the cathodic limit and the oxygen evolution reaction as the anodic limit. It has been also shown that gold is corrosion unstable at positive polarization.
Recently, we have studied the thermal behavior of molten potassium dihydrogen phosphate using differential scanning calorimetry and Raman spectroscopy [5] .
It has been shown if the vessel is not pressurized at temperatures higher than ~100°C water tends to evaporate. KH 2 PO 4 salts have various applications [6] and recently also the application of the melt as an electrolyte for high temperature water electrolysis was suggested [7] . Upon the melting process, water molecules are considered to participate in the formation of eutectic mixtures among phosphates and other salts, due to reactions such as [8, 9] :
where the melt loses water by evaporation, starting at ~180°C [10] .
Further heating of the system under open atmosphere will inevitably decompose it to the metaphosphate salt (KPO 3 ) n and water vapor. The KH 2 PO 4 melt binds water via hydrogen bonds [6] and is a proton-conducting electrolyte [4, 6] . In the present work, we therefore tried applying it for water electrolysis since preliminary studies in this connection have shown promising results for the conductivity of several molten KH 2 PO 4 salt mixtures containing more or less water and under their own water vapor pressure at 240-320°C temperature range in the [6] . It was shown that the KH 2 PO 4 melts have conductivities in the order of ~0.30 S cm −1 at 300°C and thus constitute promising electrolytes for pressurized water electrolysis at elevated temperatures. The melting point of the KH 2 PO 4 electrolyte under its own vapor pressure was determined to be 272°C [6] , although lower melting point values around ~253°C often have been reported in the literature [4, 11] .
There is evidently no true melting point at atmospheric pressure, as fusion is simultaneously accompanied by decomposition due to loss of water, as shown by evolution of gas (water vapor) from the crystals [12] .
Transfer from KH 2 PO 4 to (KPO 3 ) n leads to solidification of the molten salt and therefore makes the electrochemical measurements impossible. Because of the temperature of our experiment and the atmospheric pressure, it is natural to assume that in the present study the electrolyte was molten mixture of KH 2 PO 4 and K 2 H 2 P 2 O 7 .
Experimental

Materials
The chemicals KH 2 PO 4 , KHSO 4 (Sigma-Aldrich, p.a.), and Ag 2 SO 4 (Heraeus, 99.9% pure) were used as received.
Electrode preparation
The gold and platinum wires sealed in Pyrex tubes served as working electrodes (the diameter of the wires was 0.2 and 0.4 mm, respectively). The other metal wires were sealed in alumina tubes with outer and inner diameter 4 and 2 mm, respectively. CC180W coating paste was used for sealing the wires inside the tubes and was provided by CeProTec (Germany). CVD tantalum-coated stainless steel AISI 316L (diameter 1.0 mm) was provided by Tantaline A/S (Denmark). Nickel and niobium wires (diameter 1.0 mm) were provided by Good Fellow Cambridge Limited (England). Both the nickel wire with a purity of 99.98% and hard tempered the niobium wire with a purity of 99.9% were annealed. W, Mo, Ti, and Ta wires with diameter 1 mm were provided by ChemPur GmbH, Germany. The rest of the metal wires were provided by Sigma Aerospace Metals LLC. Depending on the composition of the wires, the diameter varied from 0.5 to 0.7 mm. The working electrode area among all tested materials varied from 0.08 to 0.72 cm 2 . A platinum wire spiral served as a counter electrode. The reference electrode was a silver wire placed in a Pyrex cylindrical chamber with a Pyrex grade "3" frit bottom. A melt of KHSO 4 saturated with Ag 2 SO 4 was used as an electrolyte for the reference electrode. This electrode proved to be reliable during our previous studies [12, 13] . The potential difference between the Ag/Ag 2 SO 4 and the normal hydrogen electrode (NHE) is approximately 0.7 V at room temperature [14] . Typical chemical compositions of stainless steels and nickelbased alloys investigated in this work are given in Table 1 . Voltammetric measurements were performed in a three-electrode quartz cell shown in Figure  1 . The cell was placed in a vertical aluminum-bronze alloy block furnace with temperature regulation within ±1°C. The temperature inside the cell was measured by a chromel-alumel thermocouple in a stainless steel cover. The thermocouple was placed between the walls of the Pyrex glass (position 9 in Figure 1 ) and the quartz tube (position 7 in Figure 1) .
Electrochemical Studies of Corrosion in Liquid
A condenser was placed above the electrochemical cell so that the escaping water from the melt could be condensed and run back into the melt. Because the amount of water which still escapes from heated KH 2 PO 4 is not known, the composition of the melt is given as KH 2 PO 4 / K 2 H 2 P 2 O 7.
All steady-state voltammetric tests were performed at 260°C in air using potentiostat model VersaSTAT 3 and VersaStudio software by Princeton Applied research. For each experiment, polarization was initiated at −1 V vs. Ag/Ag 2 SO 4 reference electrode, followed to 1.4 V and then the polarization direction was reversed to the negative direction back to −1 V. The exchange current densities obtained during the backward scan were used to evaluate corrosion current densities. The scan rate was 1 mV/s in All the experiments.
Results and discussion
Steady-state voltammetric curves obtained at the Pt electrode are presented in 
Electrochemical Studies of Corrosion in Liquid Electrolytes for Energy Conversion Applications at Elevated
Temperatures http://dx.doi.org/10.5772/64003 It is safe to assume the following limiting reactions: 2 2 Anode : 2H O O 4H 4e 
High Temperature Corrosion
Moreover, in our recent study [5] , electrolysis was performed by passing current through closed ampoules (vacuum sealed quartz glass electrolysis cells with platinum electrodes). The formation of mixtures of hydrogen and oxygen gases as well as water vapor was detected by Raman spectroscopy. In this way, it was demonstrated that water presents in this new type of electrolyte can be electrolyzed at temperatures ~275 to 325°C via the reaction:
The steady-state voltammetric curve obtained at the Au electrode is presented in Figure 4 . It can be seen that the hydrogen evolution reaction takes place almost at the same potential as at the Pt electrode. However, like in the molten KHSO 4 , gold demonstrated corrosion instability at positive polarization [12] . There is a reduction-oxidation reaction at around 0.6 V, which can be assumed to be Au electrochemical oxidation and the Au complex reduction, that is, corrosion of gold in molten KH 2 PO 4 /K 2 H 2 P 2 O 7 . The voltammetric data obtained for the stainless steels and the high-nickel alloys are presented in Figures 5-11 and Tables 2 and 3. It can be seen that stainless steels AISI 316 and AISI 347 are corrosion unstable in the studied media (Figures 6 and 7) , with the AISI 316 undergoing corrosion dissolution at around 0.122 V and the AISI 347 anodically dissolving at −0.04 and Nb and Ta doping were not effective in preventing corrosion in the alloys. In this study, we did not concentrate on studying particular mechanisms of corrosion in different alloys rather the purpose of this study was to make a review and a selection of materials, which have the potential to be used in this electrolyte. Table 2 . Reversible potentials, calculated from Tafel curves.
Electrochemical Studies of Corrosion in Liquid
Electrolytes for Energy Conversion Applications at Elevated Temperatures http://dx.doi.org/10.5772/64003
High Temperature Corrosion
It is also clear from Figure 9 that at the Ta electrode, the hydrogen evolution reaction (HER) takes place at less negative potentials than at the Nb electrode. However, the HER exchange current is much higher at the niobium electrode. Both metals are electrochemically inactive at positive polarization and have high enough corrosion stability. Table 3 . Calculated corrosion currents and corrosion rates (from the backward polarization slope).
Sample
Both Ta (Figure 9 ) and Ni ( Figure 10 ) demonstrate an obvious passivation at positive polarization (hysteresis between scans in the cathodic and anodic directions).
Comparison between the electrochemical behaviors is shown in Figure 11 . As it has already been mentioned, Ti and Ni demonstrate high corrosion resistance. This fact is in contrast to earlier results which demonstrated poor stability of titanium in hot phosphoric acid [6] . This can be explained by different acidities of two electrolytes: H 3 PO 4 and KH 2 PO 4 /K 2 H 2 P 2 O 7 . In contrast to Ti and Ni, there is obvious anodic dissolution with passivation in case of Mo and W between −0.5 and 0.0 V. It should be also mentioned that at Mo, W, and Ni HER takes place at a potential close to the HER potential for Pt. Only at the Ti electrode HER proceeds at more negative potentials.
Conclusions
Among the studied materials Pt, Ni, Ta, Ti, AISI 321, and Inconel ® 625 were the most corrosion stable in the molten KH 2 PO 4 /K 2 H 2 P 2 O 7 at 260°. If we compare the corrosion resistance of the stainless steels and their composition ( Table 1) , we can conclude that Ti as an additive, and not Nb or Ta, increase corrosion resistance of the stainless steels in the studied media. Corrosion resistance of the high-nickel alloys shows that the higher the nickel content and the lower the Mo content the higher is the corrosion resistance.
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